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Abstract

The 21st century demands a transformation of learning paradigms that not only focus on academic outcomes
but also emphasize the development of critical thinking, collaboration, creativity, and communication skills.
This study aims to identify and formulate applicable and contextual deep learning strategies for 21st-century
education, as well as to examine their effectiveness in promoting meaningful and sustainable learning. Em-
ploying a qualitative approach through literature review, data were collected from various relevant sources.
The findings reveal that deep learning strategies anchored in the principles of Meaningful Learning, Mindful
Learning, and Joyful Learning enhance the quality of interaction among students, learning materials, and tea-
chers. The developed model consists of four stages: contextual exploration, conceptual elaboration, reflection,
and action. These strategies are applicable across educational levels and emphasize students' active engage-
ment in the learning process. The results show that the implementation of deep learning contributes to the
development of students’ critical thinking, creativity, and adaptability. Furthermore, these strategies streng-
then students’ collaborative and reflective capacities, creating a learning environment that is both enjoyable
and relevant. The study concludes that deep learning strategies are not only aligned with the demands of
modern education but also have the potential to build an inclusive and sustainable learning system. Their
implementation supports improved social, economic, and environmental development while preparing young
generations to face global challenges. Thus, deep learning serves as a bridge toward educational transforma-
tion centered on 21st-century competencies.

Keywords: 21% century, collaborative learning, deep learning, joyful learning, meaningful learning, mindful
learning, sustainable learning

®Corresponding Author:

Wafa Taqiyya, Faculty of Teacher Training and Education, Universitas Muhammadiyah Surakarta

Email: agiyyawafa@gmail.com

1. Introduction

The 21st century is marked by rapid
transformations across various aspects of life,
including the field of education.
Technological advancements, the surge of
globalization, and increasing  future
challenges demand a paradigm shift in the

learning process (Maghfiroh et al., 2024;
Fitriansyah et al., 2020). It is no longer

sufficient to merely transfer knowledge;
today’s education must equip students with
competencies that are relevant to their time
(Dahlan et al., 2024). The curriculum must be
dynamic as it needs to adapt to students' needs
and characteristics in accordance with their
developmental progress (Mudrikah, 2021;
Sari & Yuningsih et al., 2023). One of the
main requirements is mastery of the 4C skills:
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critical thinking, creativity, collaboration, and
communication (Nurhamidah & Hafsya,
2024) However, current teaching practices
often remain trapped in conventional,
outcome-oriented approaches rather than
focusing on the learning process.

The mismatch between the demands of
21st-century competencies and traditional
teaching methods creates a significant gap in
achieving educational goals. Meaningful and
sustainable learning has yet to become the
mainstream approach, as one-way knowledge
transfer still dominates, often neglecting the
reflective and contextual aspects of learning
(Siti Ahadiah Nurjanah, 2019; Andayanie et
al., 2025). To address these challenges, a
deeper and more meaningful learning
approach is needed. One such approach is the
deep learning strategy, which emphasizes
conceptual understanding, active student
engagement, and the application of
knowledge in real-world contexts (Utomo et
al., 2025).

In the educational context, deep learning
does not only refer to artificial intelligence
technologies but rather to a learning approach
that focuses on deep  conceptual
understanding, higher-order thinking, the
integration of interconnected concepts, and
the ability to apply knowledge in authentic

situations (K. Warburton, 2003) Deep
learning occurs when learners actively
construct  knowledge,  connect new

information with prior knowledge, and are
able to transfer it to new contexts. This
contrasts with surface learning, which
emphasizes and shallow
comprehension (Mystakidis, 2021). Learning

memorization

strategies oriented toward deep learning em-
phasize students' active roles in discovering,
managing, and constructing their own kno-
wledge, rather than merely receiving informa-
tion from the teacher (Kamberi, 2025). Deep
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learning also highlights the durability of
understanding, the capacity for lifelong
learning, and adaptability in the face of
change. These elements require learning
strategies that are deeper and more reflective.

It is important to understand that deep
learning is not a new curriculum, but a
learning approach that can be integrated into
existing curricula, including the Merdeka
Curriculum in Indonesia (Hidayani et al.,

2025). This approach does not replace
curriculum structures, but enriches the
learning process by emphasizing deep
understanding, active engagement, and

contextual application of knowledge. In other
words, deep learning strategies align with the
spirit of the Merdeka Curriculum, which
emphasizes  student-centered, contextual
learning and the strengthening of 21st-century
competencies.

Deep learning strategies involve various
methods such as project-based learning,
problem-based  learning,  collaborative
learning, and reflective learning (Yang,
2023).Learning approaches that adopt deep
learning strategies such as problem-based le-
arning, project-based learning, and metacog-
nitive techniques have proven effective in de-
epening conceptual understanding and enhan-
cing students' academic achievement (Zayed,
n.d.).These methods challenge students to
actively  participate,  think  critically,
collaborate, and solve complex problems.
Thus, students do not merely acquire
knowledge but also develop essential attitudes
and skills to face global challenges (Nugroho
et al., 2025).

In Indonesia, empirical studies on the
implementation of deep learning strategies
remain limited. Most research still focuses on
technological integration or
approaches without thoroughly exploring
how deep learning strategies can enhance the

curriculum
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meaningfulness and sustainability of learning.
This study aims to fill that gap by exploring
and formulating contextual and relevant deep
learning strategies for 21st-century learning
needs. Emphasis is placed on integrating
Higher-Order Thinking Skills (HOTS),
collaborative and reflective learning, and the
use of technology that supports sustainable
education (Rivalina, 2020)

Educational research and
continue to drive the development of new
learning models oriented toward deep
learning. These include the development of
flexible smart  technology
integration, and continuous teacher training.
The goal is to create a learning ecosystem that
empowers students intellectually,
emotionally, and socially.

Based on the background above, this
paper aims to: (1) identify the key
components of deep learning strategies in the

innovation

curricula,

context of 21st-century education; (2) develop
an applicable and contextual strategic model;
and (3) examine the effectiveness of the

strategy in promoting meaningful and
sustainable  learning  across  different
educational levels. By  integrating
contemporary educational theories and

innovative teaching practices, this study is
expected to serve as a reference for educators,
policymakers, and education practitioners in
creating a relevant and transformative
learning system for future generations.

2. Method

This study employs a literature review
method with a descriptive-qualitative appro-
ach to describe deep learning strategies in

21st-century education. The research stages
include topic identification, literature search
from journals and articles, source selection
based on credibility and relevance, and con-
tent analysis to identify main themes and stra-
tegic models. The data obtained are then
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synthesized to develop a conceptual model of
deep learning strategies that integrates mea-
ningful, mindful, and joyful learning. This
method aims to provide a systematic and prac-
tical overview of the implementation of deep
learning as an effective and sustainable tea-
ching strategy.

3. Result and Discussion

Deep learning strategies are a significant
response to the challenges of 21st-century
education, as they address not only academic
but also promote deep
understanding, sustainability, and the ability
to transfer knowledge into real-life situations.
Its application enriches not only cognitive
aspects but also strengthens affective and
psychomotor dimensions in the learning
process.

Research by Feriyanto & Anjariyah
(2024) emphasizes three key strategies for
implementing deep learning: Meaningful
Learning, Mindful Learning, and Joyful
Learning. This approach not only encourages
deeper understanding but also creates a
that is enjoyable,
attentive, and relevant to students’ lives.

Meaningful Learning highlights the
importance of connecting learning materials
with  students’ prior knowledge or
experiences, making the learning relevant,
applicable, and capable of building deep
understanding. In the deep learning approach,
this process occurs through exploratory,
reflective, and collaborative activities that
allow students to construct deeper and long-
lasting understanding (Azharuddin et al.,
2024).

Next, Mindful Learning invites students
to learn with full awareness, focus, and
reflection. In this case, students do not merely
absorb information passively, but actively
monitor, evaluate, and regulate their own
learning processes, including understanding

outcomes

learning atmosphere
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the reasoning behind each learning activity.
When students are encouraged to delve into
the material, they become more mindful
conscious of their thinking processes,
learning goals, and capable of managing their
own learning strategies. In this context,
mindful learning emerges naturally as the
approach fosters self-awareness and learning
responsibility through reflection and active
dialogue (Rivalina, 2020).

Finally, Joyful Learning ensures that the
learning process takes place in a pleasant
atmosphere, fosters intrinsic motivation, and
creates positive learning experiences (Lidia
Lumbantobing et al., 2024). The deep
learning strategy model is developed with
consideration to contextual flexibility and
active student engagement. This strategy
combines a  constructivist  approach,
technology integration, and project-based
learning that is challenging and relevant. Stu-
dents are not merely passive recipients of in-
formation; they actively process, critically
examine, and connect it with their own expe-
riences (Hidayah et al., 2020). This approach
encourages joyful learning, as students feel
ownership of the learning process, their
opinions are valued, and they perceive
learning as important and enjoyable (Chairu-
nisa & Zambhari, 2022).

The principles of Meaningful Learning,
Mindful Learning, and Joyful Learning serve
as the conceptual foundation of the deep
learning strategy (Rizky Gilang Kurniawan,
2025). These three are not separated, but
integrated within concrete teaching practices
in the classroom. To truly realize meaningful
and sustainable deep learning, these
principles must be implemented through
systematic and relevant approaches aligned
with the needs of 21st-century learners.

One of the most  effective
implementations is through project-based
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learning and problem-solving approaches.
Through these strategies, students are
confronted with real-world situations that
encourage them to think critically, work
independently and collaboratively, and make
responsible decisions. This is where the
principle of Meaningful Learning functions,
as students are not only learning concepts but
also relating them to their life experiences and
(Romero, 2021). The implementation of long-
term projects or assignments encourages stu-
dents to continuously reflect on their learning
process and correct any mistakes. This reflec-
tive practice deepens conceptual understan-
ding and enhances evaluative skills, both of
which contribute to academic success (Ra-
madhani et al., 2024).

The project-based curriculum model
(PBC) promotes interdisciplinary collabora-
tion through contextual activities, such as a
renewable energy case study project that inte-
grates elements of physics, economics, and
art. This strategy has been shown to increase
student creativity by 40% and collaborative
skills by up to 35% compared to conventional
methods. Students not only grasp theoretical
concepts but also develop skills such as nego-
tiation, risk management, and presentation
abilities. Real-world projects, such as creating
eco-friendly technology prototypes, further
enhance critical thinking and problem-solving
capabilities (Hasbullah, 2024).

Furthermore, student-centered strategies
directly encourage the realization of Mindful
Learning. In this approach, students become
active agents who manage their own learning
goals, strategies, and evaluations. Self-
awareness of the learning process and the
ability to reflect on comprehension are key
characteristics of deep learning. When
students are able to identify their strengths
and weaknesses, they are not only learning the
material they are learning how to learn. This
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strengthens metacognitive skills that are
essential for lifelong learning (T. Tal, 2017).

The implementation of deep learning be-
comes even more effective when supported
by the appropriate use of technology, inclu-
ding through a blended learning approach that
flexibly integrates online and offline learning.
Technology creates space for personalized le-
arning, allowing students to learn at their own
pace and according to their individual lear-
ning styles (Sari, 2021). Through interactive
media, simulations, or online collaborative
platforms, learning becomes more engaging
and enjoyable, in line with the principle of
Joyful Learning. Additionally, reflective
features in digital platforms support Mindful
Learning by providing students the
opportunity to assess and revise their
understanding independently (Zhao, 2015);
Feriyanto & Anjariyah, 2024).

The use of artificial intelligence (Al)
technology and learning analytics enables ins-
tructional content to be tailored to the indivi-
dual needs of students through performance-
based recommendation systems (Adhantoro
et al., 2025). In a case study within STEM
education, students with slower learning pa-
ces receive explanations of fundamental con-
cepts, while faster learners are directed
toward advanced material (Adhantoro et al.,
2025). This approach has been shown to in-
crease learning efficiency by up to 30% by re-
ducing time spent on less relevant content.
Additionally, the analysis of learning beha-
viors such as concentration duration and error
patterns supports teachers in directly identi-
fying students’ learning challenges (Subandi
et al., 2024).

Formative assessment is a crucial compo-
nent of deep learning strategies, as it serves
not only to measure learning outcomes but
also as a tool for reflection and continuous
reinforcement of students' understanding.
Feedback that is specific, descriptive, and
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improvement-oriented has been proven to be
more effective than numerical-based asses-
sments alone. Through ongoing feedback, stu-
dents are encouraged to recognize their
weaknesses, revise their learning approaches,
and develop metacognitive awareness of the
learning process they are engaged in (Rusdi-
ana, 2024).

Finally, collaborative learning plays an
essential role in activating all three principles
simultaneously. In group work or team
discussions, students not only learn from the
teacher but also from one another
constructing meaning together (meaningful),
listening and reflecting on thinking processes
(mindful),  and social
involvement and positive emotions that
enhance learning motivation (joyful).
Collaboration makes learning more human
and relevant to the social lives of students
(Mystakidis et al., 2019).

Collaboration is essential not only for
students but also for teachers. Teacher trai-
ning programs are directed toward mastering
analytical tools for case studies when inter-
preting student performance dashboards or fa-
cilitating cross-disciplinary project methods.
Collaboration among teachers in designing
thematic projects such as integrating biology
and sociology to analyze the impact of indus-

experiencing

try contributes to a 25% improvement in tea-
ching quality. Teachers' participation in lear-
ning communities also accelerates innovation
in teaching practices, including the use of
technologies such as AR/VR for simulating
historical content (Hasbullah, 2024).

a. The Construction of an Applicable and
Contextual Deep Learning Strategy
Model
The deep learning strategy model

developed in this study is designed based on

the integrative principle, which combines
constructivist pedagogical approaches with
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technological support and  flexible
instructional design. The strategy is structured
in four interconnected stages. The first stage
is context exploration, where students are
invited to identify contextual issues or topics
as the starting point of learning, such as
through case studies or current phenomena
relevant to their lives. Next, in the elaboration
and concept connection stage, students build
knowledge through exploratory activities
such as problem-based
discussions, and independent information
searching using digital media (Chairunisa &
Zambhari, 2022).

The third stage is reflection and feedback,
where students engage in reflective activities
both individually and in groups, through
learning peer
metacognitive discussions to evaluate their
learning processes and outcomes. The final
stage is action and application, which

experiments,

journals, reviews,  or

encourages students to apply their learning
outcomes in the form of projects, simulations,

Strategies of Deep Learning to Foster Meaningful and Sustainable Education in the 21% Century

or presentation of solutions to real-world
problems they have investigated. This model
is applicable as it can be flexibly implemented
across various educational levels and adapted
to local contexts. Contextualization 1is
achieved by connecting the learning materials
with students’ social, cultural, and economic
environments, and utilizing available local
technologies to enhance relevance and
engagement in learning (Endangsari, 2019).
Compared to previous studies that
focused solely on cognitive aspects, this
research emphasizes the
affective and social dimensions in learning,
while addressing the literature gap regarding

integration of

applicable and contextual deep learning
strategy models in the Indonesian education
setting. The four-stage strategy model context
exploration, concept elaboration, reflection,
and action offers a concrete contribution for
implementing relevant and adaptive learning.

Engage in reflective
activities to evaluate
learning

. J/

( ) s a
Context Concept
Exploration [—| Elaboration
Identify contextual Build knowledge

issues or topics through exploratory
as a starting point activities
. 7 \ 7
A
6 ) { 3\
Reflection Action and
and Feedback |<— Application

Apply learning
outcomes in projects
or solutions

. 7

Figure 1. Impacts of Deep Learning Strategy Across Sustainability Pillars

Based on Figure 1, the flowchart begins
with Context Exploration, where students
identify local issues or phenomena as the
springboard for learning. In this stage,

learners analyze case studies or current events
that resonate with their social and cultural
surroundings, framing a clear, contextually
grounded problem to investigate. This initial
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focus not only activates prior knowledge but
also ensures that every subsequent activity is
directly relevant to students’ real-world
experiences.

Following exploration, the Elaboration &
Concept Connection stage invites students to
dive deeper through hands-on experiments,
problem-based discussions, and independent
digital-media research. Here, new ideas are
constructed on the foundation of students’
existing knowledge and the context they have
chosen, weaving theory and practice into a
coherent understanding. By leveraging
available technologies and
resources, learners build robust concept maps
that link abstract principles to tangible

community

examples.

Next, Reflection & Feedback provides
structured opportunities for learners to
evaluate their progress. Through individual
learning peer and
metacognitive group dialogues, students
critically examine both their understanding
and their learning processes. The insights
gleaned in this stage inform personal
adjustments and collective refinements,
strengthening the group’s shared knowledge
base.

The final stage, Action & Application,
challenges students to translate their
constructed knowledge into concrete outputs
such as projects, simulations, or presentations
of solutions to real-world problems. These
deliverables are shared with local
stakeholders peers, families, or community
organizations reinforcing the tangible impact
of learning. A looping arrow then returns
from Action & Application back to Context

journals, reviews,

Exploration, signaling an iterative cycle in
which feedback and outcomes continually
reshape and deepen the model’s relevance to
each new context.

b. Deep Learning Strategies in
Promoting Meaningful and
Sustainable Learning.

This strategy is indicated by the

improved quality of interaction in learning,
whether between students and the content,
students and teachers, or among the students
themselves. Students who engage with this
approach demonstrate deeper thinking
abilities, confidence in expressing opinions,
and a high level of curiosity (Fitriani,
2025).0n the other hand, teachers applying
this strategy experience a role shift from
instructor to facilitator who actively and
reflectively accompanies the learning process.
This strongly supports the principles of
meaningful and sustainable learning, as
students gradually develop lifelong learning
skills (Majdi, 2023).

Deep learning strategies not only enhance
the quality of individual learning, but also di-
rectly contribute to the three pillars of sustai-
nable development: social, economic, and en-
vironmental aspects. This approach enables
the creation of an inclusive, efficient, and eco-
logically aware education system through the
use of adaptive, data-driven technology.

In terms of social contribution, the imple-
mentation of deep learning technology has
promoted the development of inclusive lear-
ning systems for students with special needs.
Research shows that the use of artificial intel-
ligence to translate learning materials into di-
gital sign language, as well as the application
of augmented reality for dyslexia-friendly
content delivery, can significantly expand ac-
cess to education. Meanwhile, Google Glass
equipped with Al supports effective commu-
nication for deaf students through real-time
text display. These technologies offer oppor-
tunities for more than 7.1 million children
with special needs in Indonesia to access edu-
cation tailored to their cognitive profiles (Fi-
tas, 2025).
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In terms of economic contribution, the
implementation of deep learning-based
edtech platforms in remote areas has proven
to improve educational operational efficiency
by up to 40%. A case study in East Nusa Ten-
ggara showed a 25% increase in school parti-
cipation following the use of self-learning
modules equipped with predictive analytics.
On the other hand, teachers experienced a sig-
nificant reduction in workload when prepa-
ring learning materials from 8 hours to just 2
hours per week thanks to Al-based automatic
content generation systems.

In terms of environmental contribution,
the deep learning approach promotes the inte-
gration of ecological literacy into the curricu-
lum. The use of satellite data for climate
change simulations provides students with
real-time visualizations of deforestation im-
pacts. Other studies indicate that implemen-
ting experiential, project-based learning such
as monitoring school carbon emissions can in-
crease students' ecological awareness by up to
65% (Ardan, 2025). A UNESCO report also
recorded a 50% rise in student-led sustainabi-
lity projects following the adoption of Al-
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based modules for environmental literacy
(“Empowering Youth for Sustainable Deve-
lopment,” 2023).

Furthermore, deep learning supports the
development of change agents among the
younger generation through a combination of
problem-based approaches and digital lite-
racy. The "AI for Green Entrepreneurship”
program in West Java, as an implementation
case, has produced over 120 young environ-
mental entrepreneurs who have developed
pollution prediction systems and smart waste
management solutions (“Empowering Youth
for Sustainable Development,” 2023). Inter-
school collaboration through digital platforms
further strengthens student networks in advo-
cating for sustainable development policies.

Overall, the deep learning strategy is not
only relevant to the current educational
demands but also serves as a bridge toward a
human-centered learning transformation. By
integrating meaningful, mindful, and joyful
learning within a single strategic framework,
education can cultivate lifelong learners who
think critically, care deeply, and are ready to
face global challenges.
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Meaningful Learning

Deep Learning Strategies

Sustainable Development
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Critical Thinkers
Lifelong Learners
Joyful & Mindful Education

Social Inclusion

Economic Efficiency
Environmental Stewardship

Figure 2. Deep Learning Strategy Impact Framework

Based on Figure 2, deep learning
strategies serve as the foundational approach

that simultaneously drives meaningful
learning  and  advances  sustainable
development. These strategies transform

education by fostering critical thinkers who
analyze information deeply, lifelong learners
who continuously adapt to new challenges,
and emotionally engaged students who
experience education as joyful and mindful.
Concurrently, sustainable development is
achieved through three interconnected pillars:
social inclusion (breaking barriers for
marginalized via
technologies),
(optimizing resources
edtech), and environmental
(cultivating ecological responsibility via data-
driven projects).

This integrated framework demonstrates
how deep learning strategies create
empowered "change agents" learners who

groups assistive

economic efficiency
through Al-driven
stewardship

bridge academic knowledge with real-world
action. For example, students exposed to
these strategies don't just study climate

change; they use satellite data to simulate
deforestation impacts and launch
sustainability startups. Similarly, teachers
transition from instructors to facilitators,
using Al tools to personalize learning while
freeing time for mentorship. The bidirectional
arrows in the diagram emphasize that
meaningful  learning and  sustainable
development reinforce each other: inclusive,
efficient, and ecologically literate education
systems naturally produce graduates who
solve global challenges, while hands-on

problem-solving deepens cognitive and
emotional engagement. Ultimately, this
synergy fulfills UNESCO’s vision of

education as a catalyst for both individual
growth and planetary well-being.

4. Conclusion
This journal highlights the importance of
implementing deep learning strategies in the

context of 2Ist-century education, which is
characterized by rapid changes and the
complexity of global challenges. Deep
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learning emphasizing deep understanding,
active  engagement, and  real-world
application of knowledge offers a solution to
the mismatch between traditional teaching
approaches and the demands of modern
competencies.

By integrating the principles of
Meaningful Learning, Mindful Learning, and
Joyful Learing, these strategies enhance
student material interaction and foster critical
and collaborative thinking skills. Research
demonstrates that the four-stage model
contextual exploration, conceptual
elaboration, reflection, and application can be
flexibly  implemented  across
educational levels, making it adaptable to
local characteristics.

Deep learning strategies not
improve the quality of individual learning but
also positively contribute to the social,
economic, and environmental dimensions of

various

only

education. By leveraging technology and
innovative approaches, education can become
more inclusive and sustainable, shaping a
younger generation ready to face global
challenges. Overall, this journal affirms that
the implementation of deep learning strategies
is a crucial step toward a more relevant,
meaningful, and sustainable transformation of
education.
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